Besides the well known allergens, several other risk factors may exist for health in a laboratory anim al unit. T he exposure to these factors may be signi®cant in animal units with poor general or local ventilation systems. Moreover, means to prevent the distribution of airborne contaminants may be limited in animal units housing rabbit s or other bigger laboratory animals. Airborne contaminants in conventional laboratory rabbi t rooms were sought to evaluate the occupational exposure of animal care personnel. Concentrations of airborne dust, bac teria, fungi, ammonia and endotoxins were measured during 2 days in three phases: before working acti vities began, during them and aft erwards. Both stati onary and some personal samples were taken. All of the contam inants sought were found in the rabbi t room air. When compared to reported levels in farm animal production areas, the concentrations measured were generally low. However, moderate or high levels of airborne bac teria and fungi were found occasionally during work routines. Airborne contaminants should be considered as a potential occupational health risk for persons working with laboratory animals.
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Working with laboratory anim als may include several risk factors for the health of workers. T he most frequently studied risk factors of laboratory animal work are mouse and rat allergens (e.g. Renstro È m 1997 , ILAR 2001 . However, there are several other factors with possible health consequences, such as exposure to different airborne contam inants. Contam inants that may affect the respiratory tract include total and respiratory dust, ammonia, endotoxins, bact eria and fungi. All of these occur in high concentrations in the air of farm livestock buildings (Mulhausen e t a l. 1987, Zejda e t a l. 1994, Preller e t a l. 1995, Louhelainen 1997 ). T heir associat ion with acute and chronic respiratory symptoms and changes in lung function have been suggested by several authors (Donham e t a l. 1989 , 1995 , Preller e t a l. 1995 . In laboratory animal faci lities only a few studies dealing with airborne contaminants other than allergens can be found (Teelm ann & Weihe 1974 , Weihe 1975 , Burge e t a l. 1979 , Mayeux e t a l. 1995 . According to them, however, these contaminants can also be found in laboratory anim al units and hence may cause occupational risks for the personnel.
Airborne contaminants may originate from animals (fur, epidermal material ), their waste (faeces, urine), and materials used in their maintenance (feed, bedding, disinfectant s). Ammonia is a gas released from urine by urease that may be endogenous in bedding or produced by faecal bac teria (Reeb e t a l. 1998 ). Faecal bact eria in soiled bedding may also produce increased concentrations of endotoxins, such as lipopolysaccharide components of Gram -negative bacterial cell walls with high biological potency in respirat ory systems. Exposure to endotoxins may stim ulate defence reactions leading to functional changes and subjective symptoms (Rylander 1995 ) . Pathogenic bac teria, viruses and fungi may also exist in the air of animal units, causing a possible risk for personnel working there.
In a modern laboratory animal unit, there is good ventilation and hygiene is of high qualit y. For rodents, several constructional systems have been developed like cubicles, cabinets and cages with individual ventilation or ®lter tops. T hese all prevent or reduce the distribut ion of airborne particles (Hunskaar & Fosse 1993 , Gordon e t a l. 1992 and 1997 . For bigger animals, however, such systems are more limited, and occupational health risks may be greater for humans working with rabbi ts, dogs, primates or swine.
In this small pilot study, the concentrations of airborne dust, ammonia, endotoxins, bac teria, and fungi were measured in two conventional laboratory rabbit rooms, to evaluate the potential occupational exposure through the respiratory system of persons working with these animals. T he measurements were done during, before and aft er work routines.
Materials and methods

Anim a l ro o m s, a nim a ls a nd a nim a l c a re
Two conventional anim al rooms (3.566.0 m, height 3.5 m) were used as study rooms. Air was supplied into the rooms from the centre of the ceiling, and exhaust air was removed from both¯oor and ceiling level outlets (Fig 1) . Tem peratures of the rooms were 19±20 C and relati ve humidities 42±60% . T he animals were maintained in agreem ent with the European Convention for the Protection of Vertebrate Animals used for Experimental and Other Scienti®c Purposes (1990 ). T he health of the animals was checked daily by care personnel; no problems occurred during the study. T here were 22±24 adult rabbits in the rooms, caged individually in stainless steel wire cages with perforated oor and trays underneath. T he size of the cages was 69680646 or 116689678 cm. Aspen bedding (464 mm chips, Tapvei Oy, Kaavi, Finland), 2.5 l, was used in each tray. T he cages and equipm ent were changed once a week, and the trays twice. Animals were fed rabbit diet K5 (Lac tam in AB, Stockholm, Sweden) and once a week, autoclaved hay.
Working activities were similar on both sam pling days and included normal care routines, i.e. cage/tray changing, anim al handling, control of food and water and room cleaning with mild detergent (Hytox, Leverindus, Turku, Finland).
Sa m pling a nd a na lysis
T he stationary or room sampling sites are shown in Fig 1. Samples were tak en at these sites during 2 days in both rooms for the whole shift or in three phases: for 2 h before work act ivities, during them and for 2 h afterwards. Personal sampling of air in the breat hing zone of staff was carried out during work routines.
Via b le a irb o rne fu ngi a nd b a cte ria :
Stat ionary sampling of airborne viable fungi and bacteria was carried out using an Andersen six-stage impactor (10±800). Five sam ples, sam pling time 5 min for each, were taken in each phase. T he fungal samples were taken on 2% malt extract agar (MEA) and on dichloran glyc erol agar (DG18). Bact erial samples were taken on tryptone glucose yeast agar (T GY). T he sam ples were incubated for 7 days at 25 C for fungi and for 5 and 14 days at room temperature for bac teria. T he colonies were counted as colony forming units (cfu/m 3 ). T he fungi were identi®ed morphologically to genus using a light microscope. From the bac terial sam ples, the concentration of actinomycetes was also counted. T he detection lim it was 7 cfu=m 3 .
To ta l num b e r o f a irb o rne fungi:
Sampling to detect the total number of airborne fungi was performed with Nuclepore ®lters with a pore size of 0.4 mm. Sam ples were tak en as stationary samples, with a sam pling time being the full 2 h in each phase. T he ®lter holder was connected to an SKC pump with an air¯ow of 2 l=min. T he ®lters were washed with diluent solution and the microbes were removed by shaking in a vertical shak er for 15 min. T he suspension was stained with acridine orange, and microscope slides were prepared. Total numbers were counted on an epi¯uorescence microscope (Palmgren e t a l. 1986). T he detection limit was 32 000 spores=m 3 .
Dust, a m m o nia a nd e nd o to xins : Both personal (during work activities in rabbit room) and stationary (during the whole shift ) dust samples were collected on membrane ®lters (AAWP 03700, Millipore), and analysed gravim etrically for total dust according to the Finnish standard method (T he Finnish Standards Institution 1998 ). Personal sampling was done by portable pumps (SKC 224 ) at air¯ow rates of about 2.2 l =min and the stationary sampling by bigger pumps (Reciprotor 406G ) at rat es of about 15 l=min. T he pumps were calibrat ed by an electronic bubble meter (Gilibrator, Gilian). T he concentrations of airborne particles with different sizes were monitored with a particle counter (Hiac Royco 5000).
Samples of air for ammonia estimation were collected in im pinger¯asks containing 15 ml of 0.1 M sulphuric acid and analysed by a gas speci®c electrode (Orion Research). T he samples were taken at stationary sampling sites, both during work activities and during the whole shift, and the sampling rate was about 1 l=min.
Both personal (during work act ivities) and stationary sam ples of airborne endotoxins were collected on sterile glass-® bre ®lters with the use of calibrat ed pumps (SKC 224) at ow rates of about 2.2 l=min. T he stati onary sam ples were sam pled separately before, during and after work acti vities. T he ®lter sam ples were extracted with 10 ml of nonpyrogenic water in sterile non-pyrogenic glassware by horizontal shaking (90 shakes= min) for 60 min. All the extracts were centrifuged at 1000 rpm for 10 min. A 50 ml aliquot of the supernatant fraction was analysed in duplicate for the presence of endotoxins with a kinetic LAL method.
Ve ntil a tio n ra te s: Ventilati on was measured using an infrared spectrometer (Miran 1B2, Foxboro) and a multipoint sam pling unit operated by a computer. Tracer gas (N 2 O) was released into air intake ducts. Concentrations of this gas were monitored at two sites in the rooms and in the outlet ducts. T he tracer concentration decay method was used to determ ine local ventilat ion rates. T he nominal ventilation rates in the rooms were measured in the exhaust ducts. T he tracergas technique was the only way of measuring ventilation because the ducts were located too inconveniently without straight ducts to allow reliable measurement by other methods.
Statistical analysis was not applied to this small study.
Results
Me so ph ilic b a c te ri a a nd fungi
T he total bac kground concentrations of mesophilic bac teria were in general below 100 cfu=m 3 in both rooms (Fi g 2). During work acti vities, the concentrations increased occasionally, the highest found were 6400 and 9000 cfu=m 3 in room 2. After the activities, the concentrations returned rapidly to the levels measured before the activities. No actinomycetes were found in the air of the rabbit rooms.
Concentrations of viabl e fungi varied from levels below the detection limit to 120 cfu=m 3 (Fig 2) . Results on two different media were similar. During work activities, the concentrations were similar to before and after periods except in room 1, two peak values were observed at the beginning of activities on the ®rst sampling day. T he fungal genera found and their frequencies and concentrations are listed in Table 1 . T he most common genera were C la d o spo rium , Pe nicil lium , yeast s and Aspe rgillu s.
To ta l c o unts o f a irb o rne fungi
T he highest total counts of airborne fungi in stationary samples were detected from room 1 during the work activit ies of both sampling days (Table 2 ). In other stationary samples, the concentrations were below the detection limit.
To ta l d ust, a m m o ni a and e nd o to xins
T he concentrations of total dust at stationary sampling sites of the rooms were 0.1 mg=m 3 or lower (Table 3 ). In the breat hing zone of workers (personal sampling), the levels were in general below 0.5 mg=m 3 , however, on one day, a level of 2.3 mg=m 3 was found. T he numbers of particles increased during the activities in both rooms (Fig 3) . T he ammonia concentrations were < 0.1± 0.2 mg=m 3 , and the levels were not increased during the activit ies (Table 3) . At the stationary sites of the rooms, the endotoxin concentrations were 0.2±0.5 ng=m 3 before the activities, increased to 0.4±1.3 ng=m 3 during the activities, and returned to the original levels after the act ivities (Tabl e 3). In the breathing zone, the concentrations were occasionally higher than in the room sam ples.
T he nominal ventilation rate of room 1 was 13 room changes=h, and in room 2, 9 room changes=h. T he local ventilation rat es in the rooms did not differ very much from each other or from those measured in the extract air ducts. It was judged that the supply air in the rooms was well mixed. T here was a clear positive pressure in the rooms, as compared to the external environment.
Discussion
All types of contaminants sought were found in the rabbit rooms. T he back ground concentrations of total airborne bac teria, <100±300 cfu=m 3 were at the same level as generally found in ordinary indoor environments (Reponen e t a l. 1992) and similar to the levels reported in the laborat ory animal units by Teelm an and Weihe (1974 ). T he occasional increased concentration during working activities up to 9000 cfu=m 3 is a level often reached in rooms crowded with people (Nevalainen 1989 ). However, these values are well below those reported from other anim al facil ities, such as poultry con®nement buildings (7400±36 000 cfu=m 3 , Jones e t a l. 1984 ) or swine buildings (20 000± 60 000 cfu=m 3 , Donham e t a l. 1989 ). T he concentrations of viable fungi, <120 cfu=m 3 , were in accordance with the earlier studies. T he total counts of fungal spores (viable and non-viable) were also quite low. T he concentrations of viable fungi have been reported to vary in laboratory animal units from 7±706 cfu=m 3 (Burge e t a l. 1979) or to be below 10 cfu=m 3 (Mayeux e t a l. 1995 ). T he primary source of fungi in these two studies was found to be the bedding material, although chows were found also to contain fungi. As with bac teria, the fungal levels found in laborat ory anim al units were low as compared to farm animal production. For exam ple, in chicken production the fungal concentrat ions were reported to be 2500± 24 000 cfu=m 3 (Jones e t a l. 1984 ) . In swine production, levels of 200±9000 cfu=m 3 were found (Donham e t a l. 1989 ).
T he fungal species found were normally non-pathogenic. T he most frequently found genera, C la d o spo rium , Pe nicillium , yeasts and Aspe rgillus , are the most common airborne fungal genera in outdoor air and indoor environments (Reponen e t a l. 1994 ). T he sam e species were found also by Burge e t a l. (1979 ) and Mayeux e t a l. (1995 ) . Aspe rgil lus may have importance as an opportunistic pathogen (Morris e t a l. 2000 ) . Among the fungal species found, Aspe rgi llus ve rsico lo r, a T he dust levels in the rabbit rooms were low (<0.01±2.3 mg=m 3 ), compared to the Finnish 8 h occupational exposure limit (OEL) for organic dust (5 mg=m 3 ) (Sosiaali -ja terveysministerio È 1998). T he concentrations of airborne particles were also low. By comparison, total dust levels in poultry production have been reported to be 1±92 mg=m 3 (Jones e t a l. 1984, Mulhausen e t a l. 1987 ) and in pig production 2±5 mg=m 3 (Zejda e t a l. 1994). Donham e t a l. (1995) suggested that concentrations of total dust 2.8 mg=m 3 were predictive of a work period decrement of 10% in pulmonary FEV 1 (forced expiratory volume in one second). According to this criterion the dust levels in the rabbit rooms were unlikely to be a great risk to health.
All the measured ammonia concentrations ( 0.1±0.2 mg=m 3 ) were also well below the Finnish OEL, which is 18 mg=m 3 (25 ppm) for 8 h and 28 mg=m 3 (40 ppm) for 15 min (Sosiaali-ja terveysministerio È 1998 ). T he ammonia concentrations were not a problem in a laboratory mouse unit, where concentrations of 0.1±1.4 ppm were found (Kacergis e t a l. 1996 ). In the poultry industry, the concentrations were reported to be 5± 75 ppm (Jones e t a l. 1984, Mulhausen e t a l. 1987), and in pig houses 3±27 ppm (Donham e t a l. 1989, Zejda e t a l. 1994 ) or 0.3±4 mg=m 3 (Preller e t a l. 1995 ). Donham e t a l. (1995 ) determined the level of 7.5 ppm to be predictive of a 3% work period decrement in pulmonary FEV 1 capacity.
T he back ground endotoxin levels (0.5 ng=m 3 or lower), as well as the levels during working acti vities (3.6 ng=m 3 or lower), were also minimal in the rabbit rooms. To our knowledge, endotoxins have not been monitored previously in laborat ory anim al units. In farm anim al units, endotoxins have been found to be common airborne contam inants, the concentrations varying from 24±59 ng=m 3 (Jones e t a l. 1984, Mulhausen e t a l. 1987, Zejda e t a l. 1994 ) to 316±330 ng=m 3 (Donham e t a l. 1989, Preller e t a l. 1995). T here are no of®cial OEL levels given for endotoxins. However, some recommendations have been given for different industries. Donham e t a l. (1989) suggested the concentration of 0.1 mg=m 3 as a recommended maxim um exposure limit for endotoxins in swine facilities. A guideline of 10 ng=m 3 has been given for the no-effect level of environmental endotoxins which could cause airway in¯ammation (Rylander 1997 ) . According to the studies in various working environments, the number of workers who report respiratory symptom s, fever and shivering is signi®cantly greater when the concentrations of endotoxins exceed 25 ng=m 3 (Laitin en 1999 ). Based on this information, the personnel working in the rabbit rooms have only a minimal risk of exposure. Personal sam pling detected the highest concentrations. Although the difference was small, this result is in accordance with many exposure studies which show that personal exposures are higher than those estimated from stationary sam pling (Clayton e t a l. 1993).
In summary, all types of contaminants sought were present in the rabbit rooms, but the concentrations were well below hazardous levels. T he work activities increased the concentrat ions, but the levels returned to backgroun d levels soon after work had ®nished. T he short duration of increased concentrat ions indicated the effectiveness of ventilation. Good ventilation and hygiene and small animal numbers in the rooms probably explain the low levels of airborne contaminants as compared to those found in farm anim al production. However, we found similar airborne contaminants in the laboratory anim al unit to those found to cause health hazards for personnel in farm anim al units. Besides the measured contaminants, allergens are well known air contam inants. For example, rat and mouse urinary allergens have been found in airborne dust samples collected during different job tasks (Gordon & Tee 1999 ).
Among the impurities measured, the airborne microbes were the only ones to reach considerable levels during the activities, while the concentrations of other contaminants remained low. T he highest amounts of total dust and endotoxins were found in personal sam ples, indicating that the exposures may be monitored more realistically by personal sampling than by stationary sampling. If the ventilation rat e is insuf®cient in general or in the working area, the concentrations of airborne contam inants may rise to the level of considerable exposure of personnel. Opportunistic pathogenic microbes may also be present in the air and may include laboratory animal zoonoses (Dennis e t a l. 1999 ). For all these reasons, airborne contaminants should be considered as potential occupational health risks for all working with laborat ory animals and appropriat e monitoring and preventive measures adopted.
